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Intrafamilial Transmission of S. aureus 

is a Recent Phenomenon  

United States: Crum Am J Med 2006;119: 943-51. 

Netherlands: Mollema  J Clin Microbiol 2010; 48: 202–7.  

Spain: Perez-Roth J Clin Microbiol, 2010;48: 329–32.  

Israel: Regev-Yochay Pediatr Infect Dis J 2009;28: 960–5. 

 

Dominguez-Bello Annu Rev Anthropol 2011; 40:451-74. 



• Patients with STI & their household contacts in LA, Chicago  

• Nares, Oropharynx, Inguinal Region cultured 

• Colonization:  Index patients: 40% (137/350) 

   Household contacts: 53% (405/812) 

• Nares only culture would have missed 48% of S. aureus 

• Most common infecting and colonizing strain USA300 

• 65% households had >1 S. aureus genotype 

CONCLUSIONS 

USA300 MRSA associated with household transmission 

Decolonization may need to address extra-nasal sites 



Human-Animal MRSA Transmission 

http://www.lcdlove.com/myspace.php?myid=3150&textid=SnoopyKissLucy8220Peanuts8221MyspaceGraphic


• NT-MRSA - distinct clone 
(ST398) in Dutch Pigs 

 

• Unknown Prior to 2002 

 

• Now > 20% human MRSA in 
Netherlands 

Van Loo et al.  Emerg Infect Dis 2007;13:1834 



MRSA ST398 in Midwestern US Swine 

& Swine Workers 
Smith TC et al PLOS ONE 2009; 4:e4258. 

• Cultured nares of 299 swine and 20 
workers from 2 hog farms 

 

• Overall MRSA Prevalence:  

   Swine 49% (147/299)  

   Workers 45% (9/20) 

 

• ST398 was only strain present 



CC398 MRSA is Present in Hog Workers from 

Industrial, but not Antibiotic-Free Facilities in North 

Carolina  

• Similar S. aureus carriage in both groups  

  Industrial: 41%   

  Antibiotic-Free: 40% 

 

• CC398 Carriage 

 Industrial Workers: 41% (17/41) 

 Antibiotic Free Workers 7% (3/42) 

Rinsky #C2-1912 ICAAC 2012 



Livestock-Asstd MRSA in US Patients:  

Where’s the Beef? 

Ferber Science 2010; 329: 1010-1. 



Multi-Drug Resistant S. aureus, but Not 

MRSA, is Common in Meat Products 

Waters et al Clin Infect Dis 2011;52: 1227-30. 



 Results 

 
- 6% of MRSA-infected outpatients lived with an animal colonized with 

identical MRSA strain 

 

- no MRSA found in the control population (human and animal) 

 



• Nares/oropharyngeal cultures of Chimpanzees and sanctuary workers 

in Uganda and Zambia 

• Carriage: 58% chimpanzees  

  33% humans 

• 45% of all Chimp isolates were human-associated lineages 

• Higher antibiotic resistance than wild chimps 

• Concern: release of sanctuary-raised chimps risks transmission to 

wild chimps 

 

CONCLUSION: Plans to reintroduce sanctuary apes should be 

reevaluated in light of the high risk of introducing human-adapted S. 

aureus into wild ape populations where treatment is impossible. 



Soft Tissue Infection 



• DOD TRICARE recipients (56 million person-years) 

• Unadjusted: Bacteremia:  4.7/ 100 000 person-years 

  STI:  142.8 per 100 000 person-years 

• Bacteremia: All forms Decreased Significantly 

  Community  ↓ MRSA  to 1.2/100,000 p=0.005 

    ↓ MSSA  to 1.7/100,000; p=0.005 

  Hospital ↓ MRSA  to 0.4/100,000 p=0.005 

    ↓ MSSA  to 0.3/100,000; p=0.05 

• SSTI: No  significant overall trend in frequency 

 Prevalence of Community MRSA ↓ to 52%  (p < 0.001) 

CONCLUSIONS:  All forms of S. aureus bacteremia  and  

 proportion of Community SSTI due  to MRSA declined 



Endocarditis 



P<0.001 

Nationwide Inpatient Sample (NIS) Dataset 

78.2 Million Patients from 1999-2008 



• Compared to 19991  

  S. aureus  ↑  

  Streptococci ↓ 

 

• Primary risk factor: Healthcare contact 

 
1 Hoen B, JAMA 2002; 288:75–81. 



Associations of Bacterial Genotype & Endocarditis  



“Team Science” Approach to S. aureus: 

A Case Study 

“Bedside to bond” 



Fibronectin-FnBP binding 

• FnBP is a bacterial surface protein 

• FnBP binds to human fibronectin 



CLINICAL RESEARCH AND 

BACTERIOLOGY 



Clinical Groups: 

• Cardiac Device Infection (CDI): 

  Pacemaker + SAB + Device Infection  

• Cardiac Device Uninfected (CDU): 

  Pacemaker + SAB + Device Uninfected  

 



Lower et al. PNAS 2011;108: 18372-7. 



Having > 1 of these SNPs increased the risk of 

CDI 11.5 times 

3 SNPs are More Common in CDI  

Lower et al. PNAS 2011;108: 18372-7. 



ATOMIC 

FORCE 

MICROSCOPY 



Atomic Force Microscope (AFM) 

• measuring binding forces between fibronectin 

and a single cell of S. aureus 

http://nano.tm.agilent.com/index.cgi?CONTENT_ID=809 
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P <0.05 

P <0.0001 

CDI Isolates Associated With Increased 

Strength & Binding Frequency 

Lower et al. PNAS 2011;108: 18372-7. 



Lower et al. PNAS 2011;108: 18372-7. 

SNP Number and Binding Energy Are 

Directly Associated 



MOLECULAR DYNAMIC 

SIMULATIONS OF FN-FNBPA 

BOND 



MD Simulation 

• Chinook Supercomputer (Dept. of Energy, Richland, 

Washington) 

  - 160 trillion calculations/second 

  - $21 million to build in 2009  

• Calculations: 4 d (24h/d) (=2.8 core years on desktop) 

• > 72, 000 atoms in each Fn-FnBPA simulation 

• 109 atomic interactions calculated 10 million times 

for each simulation 

 



fibronectin 

H782Q 
K786N 

FnBPA-9: H782Q & K786N 

782Q and 786N form extra hydrogen bonds with 

fibronectin 

extra H-

bond 

Lower et al. PNAS 2011;108: 18372-7. 



FnBPA-5: E652D 
X-ray crystal structure model 

Wild type E652 

Variant 652D 

Lower et al. PNAS 2011;108: 18372-7. 



Fibronectin Binding Protein A & Cardiac Device 

Infection 

- Three SNPS (E652D, H782Q and K786N) were 

significantly more common in CDI 

 

- Fibronectin adherence:  

  higher in CDI 

  in isolates multiple SNPs 
 

- Potential Mechanism: Increased hydrogen bonds 

between human fibronectin and S. aureus fibronectin 

binding protein A 

 



Community Acquired Pneumonia 



• 627 Prospectively enrolled patients from 12 University 

ED in Winter-Spring 2006-7 

• 2.4%  Culture confirmed MRSA 

• MRSA USA300 in all genotyped isolates 

• Risk factors for MRSA CAP: 

- Presentation: Shock, Pressors, Comatose, Intubation 

- History: Prior MRSA, Contact with STI Patient, Nursing Home 

- Radiograph: Cavitation, Multiple Infiltrates  

• CONCLUSIONS:  

– MRSA CAP: uncommon, severe, often USA300 



• 100 Community Onset Pneumonia & 236 CLA-BSI 

MRSA Isolates from unique patients from 6 

Metropolitan centers 

• USA100 vs. USA300 

• USA300 was Associated with Early Complications in 

Pneumonia (admission - 48h) 

• USA300 not associated with mortality in either 

Pneumonia or BSI 



Negative Studies for PVL 



Lessons Learned:  

The Epidemiology of S. aureus is Dynamic 

• Interfamilial transmission: Often USA300 

     Often beyond the nose 
 

• Prevalence of S. aureus in infections is syndrome specific 
 

• Zoonotic Transmission of MRSA happens 
 

• New clones of S. aureus will continue to emerge 
 

• Genetic techniques will increasingly help us understand 

the Epidemiology and Pathogenesis of S. aureus 
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“False Negative” MRSA by PCR-based Diagnostics 

• S. aureus LG251: methicillin 

resistant but tested neg for mecA 

by PCR 
 

• mecA homologue (mecALG251) in 

novel type XI SCCmec  
 

• 3 difft MLST in cows 
 

• Identified in human isolates in 

Scotland, England, Denmark 
 

• spa type 843 predominant in cows 

& humans 

Garcia-Alvarez L et al Lancet Infect Dis 2011; 11: 70126-8. 



Linezolid 



Mechanisms of Linezolid Resistance:  

Methylation of 23S rRNA 

• 1st Description in Man from Colombia: (Toh Mol Microbiol 2007, 64:1506-14) 

• Product hypermethylates A2503 in 23S rRNA & affects Binding 

• cfr associated with mobile genetic elements, suggests transferable 

• 12 ICU patients from April-June 2008 with LRSA - 4 clones 

Gao, PLoS Pathogens 2010; 6 (6): e1000944 

Point Mutation of Chromosomal Gene:  rlmN  

• RlmN: Conserved RNA Methyltransferase 

• Mutation leads to increased methylation of 23S rRNA at A2503 

• Linezolid Resistance acquired in patient with Persistent MRSA 

Horizontal Acquisition of Mobile Element:  cfr  
JAMA 2010; 301: 2260 



Summary: Linezolid Resistance 
Two Paths, Single Destination 

• Treatment emergent: Several mutations, uncommon 

• Plasmid-mediated:  cfr is the problem 

    Horizontal acquisition 

• Affects Binding 

 - Mutation of 23S rRNA subunit 

 - Methylation of A2503 in 23S rRNA 
 

• Concern: Increased use = increased resistance 

   - ZEPHYR trial 

   - Patent Expiry in 2015 
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Confusion 



MRSA Infection with Vanco MIC 

>1.5ug/mL Associated with Mortality 



Vancomycin MIC Associated with 30 Day 

Mortality in MSSA Bacteremia 

Holmes J Infect Dis. (2011) 204 (3): 340-347 



Is all Vancomycin Created Equal? 

• Similar in Rabbit Endocarditis Model  
(Tattevin #B-645 ICAAC 2012) 

No 

Yes 



The Recommendation 

Based on these study results, an AUC/MIC ratio of 

> 400 has been advocated as a target to achieve 

clinical effectiveness with vancomycin.  



Summary of Studies comparing AUC/MIC to Clinical Outcome in Patients with S. aureus Infection 

Design Infection 

type 

MIC  Outcome Finding 

Association between Outcome and AUC/MIC 

Moise-

Broder1 

Retrospective 

n=50 (Van Rx) 

HAP/VAP  

MR/MSSA 

BMD Clinical & 

Microbiological 

Success 

AUC/MIC> 350 Asstd with “Clinical 

Success”:  

OR 7.19; 95% CI: 1.9-27.3 

Kullar2 

 

Retrospective 

n=320 

MRSA 

Bacteremia 

BMD Composite:  

- 30-d death,      - 

SAB>7d           - 

Symptoms  

AUC/MIC<421 Asstd with  failure 

(61.2% v. 48.6%; p=0.038) 

No Difference:  - Median AUC/MIC   

                      - % MIC>1)  

Brown3 

 

Retrospective 

n=50 

MRSA IE/ 

Bacteremia 

Etest Attributable 

Mortality (n=8) 

AUC24/MIC <211 Associated with 

Attributable Mortality  

OR: 10.4 (3.89-16.77) 

No Association between Outcome and AUC/MIC 

Neuner4 

 

Retrospective 

n=222  

MRSA 

Bacteremia 

Etest Persistent 

MRSAB (n=19) 

No significant association between 

AUC/MIC and Persistent MRSAB 

Holmes5 

 

Prospective 

N=182 

S. aureus 

Bacteremia 

BMD 30d Mortality 

(n=38) 

No assn of AUC/MIC>400 and better 

outcome 

1Clin Pharmacokin 2004; 43:925; 2CID 2011; 52:975; 3 AAC 2012; 56: 634; 4DMID 2010; 67:228; 5ICAAC 2011 #A1681 

Data for AUC/MIC and Clinical Outcome 



NEGATIVE IN VIVO DATA 

 
Vancomycin Dosed to Achieve AUC/MIC ≥400 Did 

Not Improve Outcome of MRSA Endocarditis 

Caused by Strains With Different VAN MICs  

• 3 MRSA isolates with MIC 0.5, 1, and 2ug/mL each used to 

infect  rabbits at control, regular dose, and high dose vanco 

(n=45 rabbits/isolate) 

 

• After 2 days of VAN  neither sterilization rate nor reduction in 

bacterial density in vegetations improved with Cmin levels of 

15-20 mg/L or with AUC/MIC index ≥400. 

Miro #A-610 ICAAC 2012 



Setback 



 

Efficacy and Safety  

of an Investigational S. aureus Vaccine in 

Preventing Bacteremia and Deep Sternal  

Wound Infections After Cardiothoracic 

Surgery  

VG Fowler Jr, KB Allen, ED Moreira, M Moustafa,  

F Isgro, HW Boucher, GR Corey, Y Carmeli, R Betts,  

JS Hartzel, NA Kartsonis, D Guris, S Smugar,  

B Turnbull, MJ DiNubile, MT Onorato,  

and A Sobanjo-ter Meulen 

 

ECCMID, London, March 31, 2012 



56 

Analysis of Mortality and Multi-Organ Failure 

(MOF) in Subjects with Any S. aureus Infections 

Mortality Mortality due to MOF 
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Difference = V710 - Placebo 
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Success 



 Randomized, Double-Blind Controlled Multicenter trial of 

Linezolid IV or Vanco for MRSA HCAP/HAP/VAP 

 Design: Hierarchical Non-inferiority-superiority1 

 1̊ Endpoint: Clinical Cure at End of Study in evaluable Per 

Protocol patients 

 Cure rates in PP and mITT patients with MRSA HAP were higher 

in LNZ vs. VAN (58% v. 47%; p=0.042) 

 Significance lost in HCAP, HAP, & VAP subgroups2 

 Nephrotox higher in VAN (18.2%) vs. LNZ (8.4%) 

 No difference in mortality 

 Conclusion: LNZ Superior to VAN in MRSA HAP/VAP 

 Lots of letters to editor 
1Spellberg Clin Infect Dis. (2012) doi: 10.1093/cid/cis688 ;  2Torres Clin Infect Dis 2012;54(5):630. 



Treatment Summary 

• Confusion:  We need a definitive trial to characterize 

clinical role of Vanco AUC/MIC 

 

• Setback:  Vaccine studies should proceed with 

caution (but proceed nonetheless) 

 

• Success:  ZEPHYR: 

 - showed LNZ superior to VAN in clinical cures 

 - Hierarchical non-inferiority superiority design 
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